Levels of (+) -abscisic acid present in the long-day plant spinach (Spinacia oleracea L., cv. Savoy Hybrid 612) grown under different photoperiodic regimes were measured in purified extracts by optical rotary dispersion. When plants were transferred from short to long days, the abscisic acid content increased 2-to 3-fold. This rise in the level of abscisic acid took place during the 1st long day. Abscisic acid levels of plants under short days as well as under long-day conditions were higher at the end of the 8-hour high intensity light period than at its beginning.
toms appeared, the abscisic acid content increased more than 10-fold over that of turgid plants. There was no evidence that the sudden rise of abscisic acid level during wilting was due to release from a water-soluble bound form.
Bioassays of crude acidic extracts in the wheat coleoptile section test did not indicate the presence of other specific growth inhibitors besides abscisic acid. It is concluded that abscisic acid does not function as an endogenous regulator of stem growth and flower formation in the long-day plant spinach.
Effects of exogenously applied ABA include, among others, inhibition of the flowering response to LD' in the LDP Lolium temnildentiin (5, 6) and spinach (5) . Since leaves of woody sp^-cies produce ABA under SD, it has been suggested that this may also be the case in herbaceous LDP and that ABA may thus function as a hormone, inhibiting flowering in LDP kept under SD (1) .
The finding that applied ABA has an effect on flower formation in certain LDP is, however, insufficient to prove that this process is controlled by endogenous ABA. For such a proof, the endogenous ABA levels should be determined, showing, as a minimal requirement, that there is a correlation between changes in ABA levels and the flowering response of the plant under study. Working along these lines, Wareing and El-Antably (20) reported that extracts of spinach under SD contained more growth inhibitor, as determined in the wheat coleoptile test, than extracts from plants exposed to 3 LD. There was no evidence that the inhibitory activity was in fact due to ABA.
Work in this laboratory has shown that the LDP Silene armeria (4) and spinach (24) are more responsive to applied GA, with respect to stem growth, under LD than under SD. One possible explanation for this phenomenon is that under SD endogenous growth inhibitors are counteracting the effect of GA. Since ABA is now well established as a growth inhibitor with widespread occurrence (1), a study was made of changes in the ABA level of spinach plants after exposure to different photoperiodic regimes. Some effects of water stress on ABA content observed in the course of this investigation are also reported.
MATERIALS AND METHODS
Plant Materials. The growing conditions for spinach (Spinacia oleracea L., cv. Savoy Hybrid 612) were identical to those used previously (24) . The flowering response and stem growth characteristics of this variety have also been described (24).
Samples to be extracted consisted of 9 to 13 plants which after lyophilization ranged in dry weight from 20 to 30 g.
Extraction and Purification Procedures. In preliminary experiments frozen material was extracted according to Milborrow (11) . In subsequent work the plants were lyophilized and extracted with methanol. Methods for preparation of the acidic fraction were the same as used for the purification of GAs from spinach (24). The latter procedure was less laborious and gave ABA yields comparable to those obtained with Milborrow's method (see Table I ).
The acidic fraction dissolved in water was applied to the top of a 1.9-X 10-cm Darco G-60 charcoal-Celite 535 (1:2, w/w) column which was rinsed successively with 50 ml of water and 50 ml of 30% aqueous acetone. ABA retained on the column was eluted with 250 ml of 60% aqueous acetone (17) . The acetone was evaporated and the acidic material was extracted from the water phase by partitioning three times with ethyl acetate at pH 2.5. This fraction was further purified on a 1.5-X 12-cm silicic acid-Celite 535 (1:2, w/w) column packed in chloroform (17) . ABA was eluted with 60% ethyl acetate in chloroform.
Abscisyl-/3-D-glucopyranoside, which remained in the aqueous phase (9, 1 Five hundred grams of fresh material were extracted according to Milborrow (11) . ABA content was calculated on the basis of 8% dry wt. 2 Freeze-dried material extracted according to Zeevaart (24). version of that described by Bentley and Housley (3), using the cultivar Genesee (Triticum aestivum L.). Seeds were soaked for 1 hr in distilled water and sown in vermiculite at 24 C. After 65 hr in darkness coleoptiles between 25 and 30 mm were selected. Sections 10 mm in length were cut 2 mm below the tip. All manipulations were carried out under dim green light. Ten sections were incubated in 20-ml beakers with 1 ml of solution containing the extract to be tested, 1% sucrose, and 10 mm potassium phosphate buffer at pH 5.0. The beakers were placed on a reciprocal shaker in darkness for 24 hr and then measured to the nearest millimeter. For quantitative determinations of the ABA concentration in an extract, several dilutions were prepared, and the percentage growth inhibition was compared with a standard curve for (-)-ABA (cis-trans isomer only).
RESULTS
Influence of Photoperiod on ABA Level. As (Table IV) , but the trend was clear: wilted plants contained somewhat more of the hydrolyzable ABA form than did normal plants.
Influence of AMO-1618 on ABA Levels. Application of the growth retardant AMO-1618 to spinach under LD causes the GA level to drop rapidly, and the plants assume a growth habit which is similar to that of plants under SD (24). It was of interest, therefore, to compare the ABA content of spinach plants on LD treated with AMO-1618 with that of untreated controls. The growth retardant was applied on alternate days (24), starting 3 days before transfer to LD. The plants were harvested after exposure to 8 LD. The ABA content of control and treated plants was 14.8 and 15.4 jug ABA/ 100 g dry weight, respectively, indicating that AMO-1618 applications had no effect on the ABA level. This was despite the fact that the treated plants exhibited the characteristic growth responses to the retardant (24).
Wheat Coleoptile Bioassay. Coleoptile sections incubated without inhibitor increased in length from 10 mm to 21 to 24 mm over a 24-hr period. When growth inhibition due to different concentrations of (+)-ABA was expressed as percentage growth of the control and plotted against log10 concentration, the points fell on a straight line (Fig. 1) .
Determination of ABA by ORD and bioassay yielded results which were in good agreement; e.g., the ABA content of a sample was 8.9 jtg as measured by ORD, and 10.0 ZIg as determined by bioassay.
All growth-inhibitory activity in samples used for ORD measurements was due to ABA. This was shown by rechromatographing a sample in solvent system 4 and dividing the chromatogram into 10 equal zones. Only the region which cochromatographed with synthetic ABA inhibited coleoptile growth. However, the samples used for ORD measurements were highly purified, and it is possible that spinach contains other growth inhibitors which were eliminated during purification of ABA. To investigate this possibility, crude acidic material was chromatographed on Silica Gel HF plates and the eluates were used for bioassays. As shown in Figure 2 , growth-inhibitory activity was detected in the zone which cochromatographed with ABA. In agreement with the data obtained by ORD (Table I) , the inhibition in the ABA region was stronger in extracts from plants under LD (Tables I-IV) indicate that the opposite was true. Thus, one of the criteria for a naturally occurring compound to control a given process, viz. that the changes in concentration correlate with the physiological process under study, are not satisfied in this case. As mentioned before, Wareing and El-Antably (20) did detect by bioassay more growth-inhibitory activity in extracts from spinach grown under SD than under LD conditions. The present study dealt only with ABA, and it is quite possible that other inhibitors besides ABA are present in spinach. For example, Taylor and Burden (18) have recently isolated from dwarf bean and wheat a neutral growth inhibitor, called xanthoxin, which would have been discarded in our purification procedure. The hypothesis that both growth-inhibiting and -promoting substances are involved in flower formation and stem growth of spinach can thus not be rejected, but the present results strongly suggest that, if such a situation obtains, the inhibitor is not identical with ABA.
Wareing et al. (21) found that the increase in GA content of spinach following exposure to LD was inhibited by spraying the plants with (±)-ABA and proposed that endogenous ABA might function as an inhibitor of GA biosynthesis. In the present study, highest ABA levels were found under LD, the same conditions whore most rapid GA turnover takes
